
Introduction

Cow ghee (derived from cow milk fat) is an important

culinary ingredient in India and other South Asian

countries. However, adulterated ghee has appeared

in the market, in which other ingredients are added to

reduce the ghee production cost so as to maximize

profit. The Food & Drug Control Administration

(FDCA) of India conducted many raids against

unlicensed dairies who sold substandard or

adulterated ghee in various regions of India [1][2][3].

To safeguard the public from such unethical practices

which might compromise public health, Food Safety

and Standard Authority of India (FSSAI) has

established the standards and regulations [4][5]. One

of the important criteria set by FSSAI is that the fatty

acid composition of the milk fat product needs to meet

the requirements as stipulated in Table 1. In this

Technology Brief, the superior performance of

Shimadzu BrevisTM GC for this application has been

demonstrated.
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Fatty Acid
Composition Criteria 

by FSSAI/%

Butyric acid, C4:0 1 to 5

Caproic acid, C6:0 0.5 to 2.2

Caprylic acid, C8:0 0.4 to 1.5

Capric acid, C10:0 0.8 to 5

Lauric acid, C12:0 1.5 to 4

Myristic acid, C14:0 6 to 13

Palmitic acid, C16:0 22 to 38

Palmitoleic acid, C16:1(n7) 0.9 to 2.8

Stearic acid, C18:0 8 to 19

Oleic acid, C18:1(n9) 19 to 32

Linoleic acid, C18:2(n6) 0.5 to 3.5

Linolenic acid, C18:3(n3) 0.3 to 1

Table 1. Fatty Acid Composition in Ghee as Stipulated by FSSAI [5]

SH-2560
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Reagents Preparation

0.5 M NaOMe

2 grams (±0.1 gram) of NaOH (Merck V800383) was

weighed and transferred into a 250 mL container. 100

mL of MeOH (Kanto Chemical, 25183-4B, for

pesticide residue and PCB tests) was added, and the

mixture was sonicated for approximately an hour to

ensure complete dissolution. White precipitate

(sodium carbonate) may be observed at the bottom of

the container (over time) due to reaction with

atmospheric CO2; this can be ignored.

Saturated NaCl

40 grams (±0.1 gram) of NaCl (Merck 31434) was

weighed and transferred to a 250 mL container. 100

mL of ultrapure water was added to dissolve the salt,

and the mixture was sonicated for approximately an

hour. One more spoonful of NaCl was added to the

solution to ensure it remained saturated throughout

the experiment.

14% BF3 in MeOH and Hexane

14% BF3 in MeOH (Merck B1252) and hexane (Kanto

Chemical, 18041-3B, for pesticide residue and PCB

tests) were purchased commercially.

Sample Preparation

Ghee Sample

5 (±0.5) mg of the ghee sample was weighed into a 20

mL vial (P/N: 226-84510-01) using a Pasteur pipette.

The sample vial was then concealed with a cap (P/N:

226-84513-01). In this experiment, 6 ghee samples were

prepared and analyzed.

Spiked Ghee Sample: 20% (w/w) Palm Oil

Approximately 80 mg of ghee sample was weighed (the

actual weight was recorded), after which ~20 mg of palm

oil was added (the actual weight was recorded). The

mixture was homogenized by heating at to 65 oC.

Spiked Ghee Sample: 52% (w/w) Palm Oil

Approximately 50 mg of ghee sample was weighed (the

actual weight was recorded), next, ~50 mg of palm oil

was then added into it (the actual weight was recorded).

The mixture was homogenized by heating at to 65 oC.

5 (±0.5) mg of the two prepared spiked ghee samples

were transferred into two separate 20 mL vials (P/N:

226-84510-01) using a Pasteur pipette. The sample vials

were then concealed with caps (P/N: 226-84513-01).

EC-2515

Derivatization

Prior to GC analysis, triglycerides and free fatty acids are commonly converted into fatty acid methyl esters (FAME)

through derivatization. In this experiment, the derivatization method was selected from one of the recommended

sample preparation methods, specified by FSSAI (method no. FSSAI 01.093:2022) [4]. The principles behind the

derivatization process are described in Fig. 1. NaOMe (NaOH dissolved in MeOH) is added to hydrolyze the

triglycerides to FAME. However, stopping the reaction only at the conversion to FAME is not possible as

saponification will occur upon further incubation. Free fatty acids in the sample will also be neutralized to its sodium

salt form (soap species). A strong Lewis acid, BF3, is thus introduced to catalyze the conversion of all side products

(soap) to FAME prior to injection into the GC. The FAME profile resulting from the GC analysis would be

representative of the fatty acid contents in the sample.

Fig. 1 Reaction scheme of the different chemical species upon addition of NaOMe and BF3
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Based on the principles mentioned earlier, original

ghee samples and spiked ghee samples were

derivatized in a similar fashion. 150 µL of 0.5 M

NaOMe was first transferred into the 20 mL vial

containing 5 mg sample. The mixture was incubated

under constant agitation at 65 °C for 10 minutes. After

incubation, the vial was removed from the heating

plate and allowed to cool to room temperature (for

approximately 10 minutes). Next, 150 µL of 14% BF3

was added, and the reaction mixture was incubated

again at 65 °C for 10 minutes under constant

agitation. After the second incubation, the solution

was allowed to cool to room temperature once more.

Using a Pasteur pipette, the reaction mixture was

transferred to a smaller 1.5 mL vial (P/N: 226-54110-

11). The original 20 mL vial was rinsed with three

portions of 200 µL of hexane, and this rinsing hexane

was combined with the rest of the reaction mixture in

the 1.5 mL vial. Then, 150 µL of saturated NaCl was

added to the combined mixture and vortexed

vigorously for 10 seconds. After which, the solution

was allowed to stand at room temperature for 1

minute to facilitate phase separation. Finally, 150 µL

of the supernatant was transferred to a clean 1.5 mL

vial (P/N: 961-10020-23) with a micro-insert (P/N:

961-10020-28) and crimped capped (P/N: 961-10030-

11). The derivatized sample was placed in the AOC-

30i autosampler, ready for GC analysis.

Experimental Measurement 
Conditions

The analysis was performed by BrevisTM GC using the

analytical conditions depicted in Table 2.si

EC-2515

Table 2. GC-FID Configuration & Parameters

Instrument BrevisTM GC

Autosampler AOC-30i

Flow Control Mode Linear Velocity

Injection Mode Split (Split Ratio = 15)

Injection Port Temp. 225 oC

Carrier Gas He

Column

SH-2560

P/N: 227-36311-01

105 m x 0.25 mm I.D. x 0.20 μm df

Oven Temp. Program

50 oC hold for 4 mins

Ramp to 100 oC at rate of 4 oC/min 

and hold for 4 mins

Ramp to 240 oC at rate of 3 oC/min

and hold for 15 mins 

FID Temp. 240 oC

Results & Discussion

Method Setup

GC-MS to Confirm Elution Order of FAME

Prior to GC-FID analysis, the individual FAME

compounds was identified using GC-MS (Fig. 2a) via

MS library search. Restek 37 FAME standard (35077)

was first diluted to 10 ppm using DCM before GC-MS

analysis. As depicted in Fig. 2a, we have successfully

optimized the parameters which gave a good

resolution for all 37 FAME peaks. The same standard

mixture was subsequently analyzed in Brevis GC-FID

(Fig. 2b-2c).

Ease of Co-relating GC-MS Data to GC-FID Data

GC-FID analysis of the same standard was carried

out using the same column, linear velocity and

column temperature program as the GC-MS analysis.

As depicted in Fig. 2a-b, co-relating the GC-MS with

GC-FID data can be done with ease due to the high

precision control ability of Shimadzu Advanced Flow

Controller (AFC); it enables the user to control the

carrier gas flow via constant linear velocity,

circumventing the fact that the different detectors

used were exposed to different pressure conditions

(vacuum for MS, and atmospheric pressure for FID).

Consequently, one could easily relate the elution

order of the peaks in GC-MS to GC-FID (comparing

Fig. 2a and Fig. 2b). Fig. 2c is the enlarged view for

peak 22 to peak 36, which clearly demonstrates that

all peaks in this region were all well resolved.
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Fig. 2b GC-FID chromatogram of 37 FAME standard

Fig. 2a GC-MS Total ion chromatogram  of 37 FAME standard

Fig. 2c Enlarged region of peak 22 to peak 36 in the GC-FID chromatogram of the 37 FAME standard
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Repeatability & Intermediate Precision of

the Workflow

Excellent Repeatability & Intermediate Precision

The repeatability and intermediate precision of the

proposed workflow were investigated thoroughly: two

different chemists were tasked to perform the same

experiment on the same ghee sample (Brand A) in

triplicates (n=3) for intra-day repeatability

assessment, on two different days, using the same

sample preparation workflow and GC instrument for

inter-day variability assessment (intermediate

precision).

Table 3 & Table 4 summarize the results obtained by

the individual chemists on two separate days. All the

peak area% of the various fatty acid profiles reported

are rounded to 1 decimal place. This is to match the

reporting degree of accuracy requirement stipulated

deviation and %RSD of the reported data

by FSSAI (see Table 1) [5]. The mean, standard

deviation and %RSD of the reported data were then

determined. It was observed that within each attempt

by the individual chemist, the repeatability %RSD is

not more than 3.2% (Table 3 & Table 4). Thus, a high

degree of precision for the proposed workflow was

demonstrated using the BrevisTM GC.

Table 5 consolidates all the attempts (n=6) by the

two chemists to determine the intermediate precision

across the whole experiment. A high degree of

agreement for the results obtained by the two different

individuals were observed; the intermediate precision

%RSD (n=6) for the all the FAME species were

observed to be not more than 2.6%.
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Day 1: Chemist A (Brand A)

ID Fatty Acid
Attempt 1*

/Area%

Attempt 2*

/Area%

Attempt 3*

/Area%
Std. Dev.@ Mean@ %RSD*

1 Methyl butyrate C4:0 2.2 2.1 2.2 0.05 2.17 2.2

2 Methyl caproate C6:0 1.3 1.3 1.3 0 1.30 0

3 Methyl octanoate C8:0 0.7 0.7 0.7 0 0.70 0

4 Methyl decanoate C10:0 1.4 1.4 1.4 0 1.40 0

5 Methyl dodecanoate C12:0 1.7 1.8 1.8 0.05 1.77 2.7

6 Methyl myristate C14:0 8.5 8.5 8.5 0 8.50 0

7 Methyl palmitate C16:0 29.1 29.3 29.2 0.08 29.20 0.3

8 Methyl palmitoleate C16:1(n7) 1.5 1.5 1.5 0 1.50 0

9 Methyl stearate C18:0 13.0 13.4 13.4 0.19 13.27 1.4

10 Methyl oleate C18:1(n9) 23.4 23.5 23.2 0.09 23.27 0.4

11 Methyl linoleate C18:2(n6) 2.3 2.3 2.3 0 2.30 0

12 Methyl linolenate C18:3(n3) 0.3 0.3 0.3 0 0.30 0

Table 3. Experimental Repeatability (n=3) and Fatty Acid Profiles in Peak Area% (Chemist A, Day 1)

*Rounded to 1 decimal place @Rounded to 2 decimal places.

Day 2: Chemist B (Brand A)

ID Fatty Acid
Attempt 1*

/Area%

Attempt 2*

/Area%

Attempt 3*

/Area%
Std. Dev.@ Mean@ %RSD*

1 Methyl butyrate C4:0 2.2 2.2 2.3 0.05 2.23 2.1

2 Methyl caproate C6:0 1.3 1.3 1.3 0 1.30 0

3 Methyl octanoate C8:0 0.7 0.7 0.7 0 0.70 0

4 Methyl decanoate C10:0 1.4 1.4 1.4 0 1.40 0

5 Methyl dodecanoate C12:0 1.8 1.8 1.8 0 1.80 0

6 Methyl myristate C14:0 8.5 8.5 8.5 0 8.50 0

7 Methyl palmitate C16:0 29.2 29.2 29.1 0.05 29.17 0.2

8 Methyl palmitoleate C16:1(n7) 1.4 1.5 1.5 0.05 1.47 3.2

9 Methyl stearate C18:0 13.4 13.4 13.3 0.05 13.37 0.4

10 Methyl oleate C18:1(n9) 23.2 23.2 23.3 0.05 23.23 0.2

11 Methyl linoleate C18:2(n6) 2.3 2.3 2.3 0 2.30 0

12 Methyl linolenate C18:3(n3) 0.3 0.3 0.3 0 0.30 0

Table 4. Experimental Repeatability (n=3) and Fatty Acid Profiles in Peak Area% (Chemist B, Day 2)

*Rounded to 1 decimal place @Rounded to 2 decimal places

ID Type of FAME Std. Dev.@ Mean@ %RSD*

1 Methyl butyrate C4:0 0.06 2.20 2.6

2 Methyl caproate C6:0 0 1.30 0

3 Methyl octanoate C8:0 0 0.70 0

4 Methyl decanoate C10:0 0 1.40 0

5 Methyl dodecanoate C12:0 0.04 1.78 2.1

6 Methyl myristate C14:0 0 8.5 0

7 Methyl palmitate C16:0 0.07 29.18 0.2

8 Methyl palmitoleate C16:1(n7) 0.04 1.48 2.5

9 Methyl stearate C18:0 0.15 13.32 1.1

10 Methyl oleate C18:1(n9) 0.08 23.25 0.3

11 Methyl linoleate C18:2(n6) 0 2.30 0

12 Methyl linolenate C18:3(n3) 0 0.30 0

Table 5. Intermediate Precision %RSD of the Combined Results of Day 1 & Day 2 (n=6)

*Rounded to 1 decimal place. @Rounded to 2 decimal places.
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FAME Profiling As a Key Indicator For

Signs of Adulteration

The ghee sample (Brand A) used for the

determination of the repeatability and intermediate

precision study satisfied the criteria set by FSSAI

(Table 1, Table 3 & Table 4). It was thus chosen to

be spiked to simulate adulterated ghee samples.

Palm oil was chosen for spiking as it is cheap, and the

major FAME peaks of palm oil [6] match relatively

well to those of the ghee sample.

Table 6 summarizes the results and observation of

the spiking experiment. Fig. 3a-c depict the FID

chromatogram obtained from the spiking experiment.

F

Fig. 3a FID chromatogram FAME profile of unspiked sample
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Fig. 3b FID chromatogram FAME profile of sample spiked with 20% (w/w) palm oilDatafile Name:852025_50% milk fat_11_007.gcd
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Fig. 3c FID chromatogram FAME profile of sample spiked with 52% (w/w) palm oil

Unspiked Sample (Brand A)

Spiked Sample (Brand A) with 20% (w/w) Palm Oil

Spiked Sample (Brand A) with 52% (w/w) Palm Oil

When the ghee sample (Brand A) is spiked with 20%

(w/w) of the palm oil, it was observed that the area%

of C12:0 falls out of the regulatory limit set by FSSAI

(denoted in red, Table 6). Upon further spiking [52%

(w/w) palm oil], in addition to C12:0, C8:0, C10:0 and

C14:0 fall out of the regulatory ranges as well

(denoted in red, Table 6). In general, majority of the

FAME species area% dropped when spiked, except

for C16:0, C18:1(n9) and C18:2(n6); their respective

area% increased. No obvious change for C18:3(n3)

was observed.

At this stage, we could conclude that FAME profiling

could be used as a key indicator to detect adulteration

in ghee.
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ID Type of FAME

Unspiked 

Ghee

/Area%*

80% Ghee + 

20%palm oil

/Area%*

48% Ghee + 

52%palm oil

/Area%*

Regulatory 

Area% Range [5]

Trend Upon 

Spiking

1 Methyl butyrate C4:0 2.1 1.7 1.0 1-5

2 Methyl caproate C6:0 1.2 1.0 0.6 0.5 - 2.2  

3 Methyl octanoate C8:0 0.7 0.5 0.3 0.4 - 1.5

4 Methyl decanoate C10:0 1.4 1.1 0.6 0.8 - 5

5 Methyl dodecanoate C12:0 1.7 1.4 0.9 1.5 - 4

6 Methyl myristate C14:0 8.5 6.9 4.3 6 - 13

7 Methyl palmitate C16:0 29.6 31.0 33.3 22 - 38

8 Methyl palmitoleate C16:1(n7) 1.4 1.2 0.8 0.9 - 2.8

9 Methyl stearate C18:0 14.0 11.2 8.1 8 - 19

10 Methyl oleate C18:1(n9) 22.7 27.5 34.3 19 - 32

11 Methyl linoleate C18:2(n6) 2.2 4.5 8.1 0.5 - 3.5

12 Methyl linolenate C18:3(n3) 0.3 0.3 0.3 0.3 - 1

Table 6. Spiking Experiment Data Summary  

*Rounded to 1 decimal place & highlighted in red are values out of regulatory range.

Screening of Commercially Purchased

Samples

Market Surveillance of Commercially Purchased

Ghee

Ghee samples originated from India (Brand A to D)

and Malaysia (Brand E and F) were purchased from

local supermarkets. Table 7 summarizes FAME

area% of the samples screened. From Table 7,

Brand A to C FAME profiles satisfied the stipulated

range set by FSSAI [5], whereas Brand D to F failed.

For the GC-FID chromatograms of the FAME profile

obtained for Brand A to F, refer to the supplementary

data attached (S1 to S6).

Brand A, Brand B and Brand C Satisfied FSSAI

Criteria

The FAME profiles for Brand A to C look highly

identical to one another (S1 to S3). From Table 7,

these three samples satisfied FSSAI criteria, and

therefore, would be used as model reference samples

in this study.

Observed Trend Among Non-compliant Samples

Table 7 shows that the area% composition results of

Brand D, E and F did not fulfill FSSAI requirement.

When compared to the model reference samples

(Brand A, B and C), some FAME area% in Brand D,

E, and F were lower (indicated by red arrows) while

some FAME area% were higher (indicated by green

arrows).

Based on Table 6 and Table 7, Brand D was

observed to have the same trend as the sample that

was spiked with palm oil. Therefore, it is likely that

Brand D was adulterated with edible oil that has a

high percentage of C18:1(n9) and C16:0. However,

further investigation would be needed to draw a

conclusion. Brand E and Brand F, despite failing the

FSSAI criteria, did not display the same trend

observed in Brand D.

As ghee of Brand E and F were produced in

Malaysia, variations in farming practice and the breed

of cow use for milking might result in differences in

the nutritional values and the fatty acid profiles of the

milk produced [7][8], when they are compared to

those produced in other countries. Additional

research might be necessary to ascertain whether

these fail results stem from adulteration or from

differences in the geographical origin and process

differences used during the ghee production.

It is to be noted that in addition to the stipulated range of

FAME species range set by FSSAI, there are other

parameters like minimum Reichert Meissl Value,

Iodine Value that the product must meet as well. For

the full range of the parameters to be tested, refer to

the reference cited [5]. All criteria must be met before

a product is allowed to be legally marketed as pure

ghee in India.
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ID Type of FAME

Brand A

(India) 

/Area%*

Brand B

(India) 

/Area%*

Brand C 

(India) 

/Area%*

Brand D 

(India) 

/Area%*

Brand E 

(Malaysia) 

/Area%*

Brand F 

(Malaysia) 

/Area%*

FSSAI

Regulatory 

Area% 

Range[5]

1 Methyl butyrate C4:0 2.1 1.9 2.1 1.3 1.7 1.7 1 to 5

2 Methyl caproate C6:0 1.2 1.4 1.5 0.9 1.6 1.5 0.5 to 2.2

3 Methyl octanoate C8:0 0.7 0.8 0.9 0.5 1.1 1.0 0.4 to 1.5

4 Methyl decanoate C10:0 1.4 1.9 1.9 1.1 3.0 2.5 0.8 to 5

5 Methyl dodecanoate C12:0 1.7 2.3 2.5 1.3 5.6 5.0 1.5 to 4

6 Methyl myristate C14:0 8.5 9.8 9.9 5.8 12.8 12.1 6 to 13

7 Methyl palmitate C16:0 29.6 31.7 30.6 32.8 31.4 31.1 22 to 38

8 Methyl palmitoleate C16:1(n7) 1.4 1.6 1.8 1.0 1.7 1.8 0.9 to 2.8

9 Methyl stearate C18:0 14.0 11.8 10.6 11.2 8.6 9.2 8 to 19

10 Methyl oleate C18:1(n9) 22.7 21.7 22.9 29.4 17.2 17.8 19 to 32

11 Methyl linoleate C18:2(n6) 2.2 1.6 1.6 4.5 1.0 0.9 0.5 to 3.5

12 Methyl linolenate C18:3(n3) 0.3 0.3 0.3 0.2 0.2 0.5 0.3 to 1

Table 7. Spiking Experiment Data Summary  

*Rounded to 1 decimal place & highlighted in red are values out of regulatory range

Future Proof Your Lab

The data generated in this Technology Brief was

performed via manual sample preparation (including

derivatization of free fatty acids and triglycerides to

FAME). Although the manual sample preparation in

this experiment was simple, it could be time-

consuming and requires skilled personnel.

Automation of sample preparation is highly

demanded solution to reduce the time spent for

sample preparation. Shimadzu AOC-6000 Plus

autosampler (Fig. 4), which can be installed on either

GC or GC-MS, can easily automate derivatization

procedure. This has already been demonstrated with

edible oil samples, with high quality and reliable data

obtained [6].

Conclusion

In this Technology Brief, a robust analytical method

using Brevis GC was successfully developed for fatty

acid profiling of ghee samples following FSSAI fatty

acid profiling requirement. As demonstrated, highly

precise and reproducible results were obtained using

the BrevisTM GC by two different chemists at different

days.
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Supplementary Data
Datafile Name:652025_Haldiram_3_002.gcd
Sample Name:Haldiram
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S1. FID chromatogram FAME profile of Brand A (India)

C4:0
C6:0 C8:0 C10:0 C12:0

C14:0

C16:0

C16:1(n7)

C18:0

C18:1(n9)
C18:3(n3)

C18:2(n6)

Brand A

Datafile Name:652025_RKG_4_003.gcd
Sample Name:RKG
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S2. FID chromatogram FAME profile of Brand B (India)
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Brand B

Datafile Name:652025_Verka_7_006.gcd
Sample Name:Verka
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S3. FID chromatogram FAME profile of Brand C (India)
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Brand C

Datafile Name:652025_Siddhi_6_005.gcd
Sample Name:Siddhi
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S4. FID chromatogram FAME profile of Brand D (India)
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Datafile Name:652025_QBB_11_010.gcd
Sample Name:QBB
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S6. FID chromatogram FAME profile of Brand F (Malaysia)
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The AOC-6000 Plus sets a new standard in simplifying laboratory

workflows with its advanced automation capabilities. With its automatic

syringe exchange and vial mixing functions, the AOC-6000 Plus

automates complex tasks including creating dilution series of standard

samples and adding internal standard substances. This not only saves

time but also ensures consistent sample preparation. By fully automating

tedious steps, the AOC-6000 Plus reduces operator workload, minimizes

errors, and enables the acquisition of highly robust and reliable data.

Automated Sample Prep With AOC-6000 Plus

Learn More

Learn More

Equipped with high sensitivity and high-speed capabilities, GCMS-

QP2020 NX significantly reduce analysis times, boosting laboratory

efficiency and throughput. Additionally, it offers flexibility by

supporting alternative carrier gases like hydrogen or nitrogen,

enabling safer and more cost-effective operations while maintaining

optimal performance. Reliable, flexible, and efficient, this system is

the ideal choice for laboratories seeking cutting-edge technology to

optimize their processes and maximize productivity.

GCMS-QP2020 NX

Learn More

Learn More

3-MCPD & Glycidol Analysis In Edible Oil

Expanding the scope of edible oil analysis, this article

introduces the qualitative and quantitative determination of

15+1 polycyclic aromatic hydrocarbons (PAHs) in palm

oils, with applications for other edible oils as well. Using

MRM analysis by GC-MS/MS, it successfully enables

trace-level detection with good repeatability and

robustness – making this new method highly attractive for

analytical use by laboratories.

PAHs Analysis For Edible Oil

Learn More

Learn More

High Quality Analysis Even At

Low Concentration

3-MCPD and glycidol are byproducts formed during the edible oil

refining process. Due to their potential carcinogenicity, regulatory

bodies worldwide have set strict limits on the maximum allowable

levels of these compounds in edible oils. Discover how

Shimadzu's expertise can help navigate these challenges—click

the link to learn more.

Learn More

Learn More

https://www.shimadzu.com.sg/an/products/gas-chromatograph-mass-spectrometry/gc-ms-system/aoc-6000-plus/index.html
https://www.shimadzu.com.sg/an/products/gas-chromatograph-mass-spectrometry/gc-ms-system/aoc-6000-plus/index.html
https://www.shimadzu.com.sg/an/products/gas-chromatograph-mass-spectrometry/single-quadrupole-gc-ms/gcms-qp2020-nx/index.html
https://www.shimadzu.com.sg/an/products/gas-chromatograph-mass-spectrometry/single-quadrupole-gc-ms/gcms-qp2020-nx/index.html
https://www.shimadzu-webapp.eu/magazine/issue-2023-01_en/high-quality-analysis-even-at-low-concentration/
https://www.shimadzu-webapp.eu/magazine/issue-2023-01_en/high-quality-analysis-even-at-low-concentration/
https://www.shimadzu.com/an/sites/shimadzu.com.an/files/pim/pim_document_file/applications/application_note/21790/an_04-ad-0281-en.pdf
https://www.shimadzu.com/an/sites/shimadzu.com.an/files/pim/pim_document_file/applications/application_note/21790/an_04-ad-0281-en.pdf
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